Use of High-Pressure LiquidChromatography for Monitoring Nucleotide Concentration in HUman Blood
. Other methods are available for the determination of ATP (3) and other nucleotides; however, an advantage in using HPLC is that the major nucleotides can be determined at one time. In addition, the analyses are accomplished with speed, sensitivity, accuracy, and ease of operation.
A decrease in the concentrations of organic phosphate, especially that of ATP, is closely associated with the loss of viability of stored blood (4-7). The relationship between viability and ATP was investigated by Gabrio et al. (8, 9) and they found that the post-transfusion survival time of stored blood was substantially increased when the ATP concentrations were elevated through incubation with adenosine. Because there appears to be a correlation be- This index of viability is also referred to as the "post-transfusion survival"
(10). Since there is no convenient and rapid "in vitro" method for monitoring the viability of blood, blood banks usually discard blood stored for more than 21 days. In addition, rapid monitoring techniques are needed in research to evaluate the efficiency of blood preservation.
Much research is in progress, not only to prolong the storage life of blood but also to improve the quality of stored blood, thus making it possible to stockpile large volumes of blood against the possibility of disaster and to store blood of rare types for emergencies (10). This paper describes a preliminary study, with high-pressure liquid chromatography, of the nucleotide concentrations in human blood cell suspensions stored over a period of 5 months.
It should be emphasized that this investigation was undertaken mainly to evaluate the technique for blood storage work. Thus, the blood samples used were those readily available to us in large quantity. This blood was not whole blood but blood from which the plasma-rich platelets had been removed. Therefore, the blood referred to in this study consisted of erythrocytes and leukocytes suspended in acidcitrate-dextrose (ACD). eluent of the linear gradient was 0.015 molar KH2PO4, the high concentration eluent was 0.025 molar KH2PO4 in 2.2 molar KC1. The pH of both solutions was adjusted to 4.5 with KOH. The flow rate of the eluent into the column was 12 mi/h and the flow rate of the high-concentration eluent into the low-concentration buffer was 6 ml/h. Column temperature was 75#{176}C. To determine the possibility of more rapid analyses, we did a few analyses with higher flow ratesthe flow rate of the eluent into the column was increased to 24 ml/h and that of the high concentration eluent into the low concentration to 12 ml/h. Nucleotide concentrations were determined by multiplying peak height times width at half height and comparing this area to that of a known concentration of the nucleotide (2).
Materials and Methods

Results
As has been reported previously (4-7), ATP concentrations in the stored blood decreased with time of storage (Figures 1, 2, 3) . The AMP and ADP concentrations increased in blood that was stored up to three weeks and then decreased with storage time. After three months, the concentrations of all the adenine nucleotides had decreased to a point where they were negligible.
A large peak with a retention time of 7 mm was seen in a chromatogram of blood stored for long periods. This peak contained nucleosides and bases that are not retained on the column under the operating conditions described.
When the samples were analyzed with use of flow rates of 24 mi/h and 12 mI/h, the retention times of the adenine nucleotides were decreased (Figure 4 ) without loss of resolution of AMP, ADP, and ATP peaks. This increased speed of analysis was possible with human blood cell suspensions because the adenine nucleotides are the only ones present in significant concentrations (13). If a pure leukocyte sample or a sample of the whole blood of other species is to be analyzed, care must be taken to maintain good resolution of all peaks, because guanosine nucleotide and (or) UTP may be present in appreciable quan- tities (13, 14) . With increased flow rates, appropriate calibration factors must be determined, because it has been found that peak areas are affected by flow rates (15).
Discussion
HPLC is a new technique with great potential for monitoring the nucleotide levels of stored blood. It can be valuable because the whole spectrum of nucleotides in cell extracts can be analyzed at one time. Thus, dynamic reactions can be monitored and the formation and (or) degradation of various nucleotides can be followed concurrently.
For example, the decrease in ATP concentrations in stored blood with time can be followed at the same time as alterations in AMP and ADP concentrations.
These data may be useful in evaluating the condition of stored blood, because the decrease of AMP and ADP may indicate the start of irreversible degradations that lead to a loss of erythrocytic viability. In addition, this technique can be used in. investigations of preservatives for blood-for example, in examining the use of ribonucleosides as preservatives. In investigating various preservatives to be used with ACD, Gabrio et al. (16) found that the most efficient ribonucleoside preservative was inosine, followed by adenosine, guanosine, and xanthosine in descending order. 
